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When steel articles are dipped in acidic copper sulphate solution, copper deposits on them by galvanic displacement and these 
deposits are porous and nonadherent. In this paper, a suitable complexing agent for such a solution to get bright, adherent 
deposits of copper on steel is reported. The effect of immersion time on deposit thickness and potential-time behaviour of 
the steel electrode with and without the incorporation of complexing agent were studied. The effect of temperature on potential- 
time behaviour was also reported. 
Key words: Immersion coatings, copper, steel substrate 
INTRODUCTION 
eta1 deposition by chemical displacement has been widely used 
M f o r  the production of thin coatings [a].  his involves an ex- 
change reaction between a metallic substrate and metal ions in solu- 
tion. In practice, the range of conditions under which the reaction. 
proceeds in such a way as to result in the formation of an adherent, 
bright and reasonably continuous coating on the more active base 
metal are: 
(a) The electrolyte must dissolve the base metal without the for- 
mation of insoluble salts, oxides or other products which might 
hinder contact with the surrounding ions. 
(b) Attack of the base metal by the electrolyte should not be too 
vigorous, otherwise there will be no suitable substrate or lattice 
on which the depositing metal can develop a continuous structure. 
(c) The noble metal ion must deposit at a rate such that its lattice 
structure is filled in as orderly a fashion as possible. 
(d) The driving force (EMF) must be sufficiently low to meet the 
requirements of (b) and (c). 
The immersion deposit of copper formed on steel from simple 
acidic copper solutions are nonadherent and spongy. Direct cop- 
per plating of steel from acid sulphate solution using ally1 thiourea 
as the inhibitor has been studied 191. The displacement of copper 
on steel from sulphate solutions was also reported aq. Bright 
adherent copper deposit on steel was obtained using copper 
sulphate, ethylene diamine tetra acetic acid and wetting agent [I I]. 
Applications of copper coating are as a lubricant during wire 
drawing, as a conductor of heat, as a protective coating and also 
as an undercoat. In this paper, the development of a sulphate bas- 
ed solution for immersion copper coating on steel with suitable 
mnplexing agent has been reported and the rate of deposition and 
:hange of potential of steel with time are also included. 
EXPERIMENTAL 
Mild steel panels (100 x 25 mm) were mechanically finished to a 
nirror finish. The samples were degreased with trichlorocthylene, 
electrocleaned in alkali and washed with water. Later, they were 
pickled in 10% v/v hydrochloric acid at a temperature of 313K 
for one minute. 
Initial experiments were carried out by the incorporation of 
various complexing agents such as ethylene diamine tetra acetic 
acid (EDTA), glycine, diethanolamine (DEA), tartaric acid, in cop  
per sulphate and sulphuric acid electrolyte. Of them, tartaric acid 
was found to be very effective in producing smooth, adherent and 
bright coatings on steel substrates. Hence, further experiments were 
carried out using copper sulphate (100 g/l), sulphuric acid (35 g/ 1) 
and tartaric acid (80 g/l) in distilled/deionised water. 
The prepared panels were weighed, and immersed in the copper 
solution for 1 to 8 minutes, washed well, dried and reweighed. The 
weight loss due to pickling was taken into account in determining 
the amount of copper deposited by chemical displacement. Ex- 
periments were conducted with and without the incorporation of 
complexing agent. The adhesion of the coating was tested by tape 
test. 
The potential of mild steel electrode was measured with time 
using saturated calomel electrode (SCE) as the reference. The in- 
fluence of temperature (maintained by a constant temperature water 
bath) on potential-time behaviour was also measured. 
RESULTS AND DISCUSSION 
Influena of immersion time on rate of deposition 
Fig. 1 shows the relationship between weight of copper deposited 
and time. The deposition rate is almost constant in the solution 
having no complexing agent but the deposit is nonadherent 
and porous. Complexing agent increases the rate of copper 
deposition resulting in a smooth, adherent and bright copper 
deposit . 
Inhence of time on the potentid of the steel electrode 
Fig. 2 shows the variation in the potential of mild steel electrode 
with time at different concentrations of tartaric acid. The chief 
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Fig.1: Relationship betwwn w igh t  of immersion copper deposit 
and time: Temperature = 3YMK 111 CuS045Hz0, 100 g/l, H+04 
35 g/l12) CuS04 5H20, 100 g/ l ,  35 g/l, tartaric acid W g/l. 
reactions taking place during immersion deposition of copper on 
iron are: 
The poor adhesion of the deposit is due to reaction (2). The com- 
plexing agent essentially suppresses the evolution of hydrogen on 
steel, resulting in the formation of adherent deposit of copper on 
steel. Further, it can be seen from the figure that the potential of 
the steel electrode in complex- free solution is constantly negative 
with time. That is, large part of the surface is exposed to the solu- 
tion and remains negative. Addition of tartaric acid to the copper 
sulphate solution makes the potential of the steel electrode less 
negative resulting in the decreasing of anodic sites, the large 
decrease being at a concentration of 80 g/l  tartaric acid. Addi- 
tion of sulphuric acid does not affect the potential-time behaviour 
of the steel electrode but helps in getting adherent deposit on steel. 
Influence of tempernture on potentid-time behaviour 
Fig. 3 shows that at high temperature the potential is more negative 
thereby increasing the rate of reaction (1) above. Only at room 
Fig.3: Influence of temperature on the electrode potential-time 
behaviour of mild steel electrode in the solution containing CuS04 
100 g/l, H#04 35 g/l, tartaric acid W g/ l  111 303K 121 3a8K 131 
313K 
temperature, the potential is more positive and thereby increasing 
the area of cathodic sites. 
The pH of the solution was varied from 0.5 to 10 and it was 
found that adherent deposit was obtained only at a pH range of 
0.5 to 1. 
7g.2: Influence of tartaric acid concentration on the electrode 
wtential- time behaviour of mild steel electrode: Temperature = 
WK, electrolyte CuS045Hfl 100 g/1, H2 SO4 35 g/l, 111 without 
artaric acid; 121 tartaric acid 100 g/l; 131 tartaric acid 20 g/l; 141 
artaric acid 40 g/l; 151 tartaric acid 80 g/l; temperature for all the 
olutions 303K 
Adhesion of the deposit 
Tape test performed on thin coatings indicated that the coating 
is strongly adherent. The deposit formed in the immersion solu- 
tion was built up in the regular copper plating solution for a period 
of 15 minutes and bent test was carried out to examine the 
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adherence of the coating. No peeling of the deposit was observed. 
CONCLUSION 
Based on the study, the following conditions are suggested to ob- 
tain bright and adherent immersion copper deposit on steel 
substrates. 
Copper sulphate - 100 g/l, tartaric acid - 80 g/l , sulphuric acid 
- 35 g/l, pH - 0.5 to 1, temperature - 298 - 308K. time - 1 to 3 min. 
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